specific alloantigen, NB 1, which frequently causes neonatal alloimmune neutropenia," is located on a 58-to 64-Kd GP.".'* The 58-to 64-Kd NBI GP contains N-linked carbohydrate^'^,'^ and is attached to plasma membranes via a glycosyl-phosphatidylinositol (GPI) anchor. '*, I3 We thought that the 60-Kd GP recognized by the quinine-dependent antibody could be the same GP recognized by anti-NB 1.
To further characterize the GPs recognized by the quininedependent antibodies, the neutrophil molecules immunoprecipitated by the quinine-dependent antibodies were treated with glycolytic enzymes to determine if they were glycosylated. Neutrophils were treated with GPI-specific phospholipase C (GPI-PLC) to determine if the 60-and 85-Kd molecules were GPI-anchored membrane proteins and neutrophils from individuals with varying NB phenotypes were analyzed by immunoprecipitation with the quinine-dependent antibody.
MATERIALS AND METHODS

Isolation of neutrophils.
Whole blood was collected from donors of known neutrophil phenotype by peripheral vein phlebotomy into sterile glass tubes containing dry sodium EDTA (Terumo Medical, Elkton, MD) after obtaining informed consent. Neutrophils were isolated by dextran sedimentation and centrifugation over FicollHypaquei4 and were suspended in phosphate-buffered saline (PBS) or Hank's balanced salt solution (HBSS; GIBCO, Grand Island, NY).
Neutrophils were phenotyped for NB1 antigen using a granulocyte agglutination (GA) and granulocyte immunofluorescence (GIF) assay.
The quinine-dependent antibody was from a previously described patient.s The quinine-dependent antibodies were absorbed with RBCs and platelets as previously de~cribed.~ The anti-NB1 was a rabbit polyclonal antibody."
Neutrophils were surface-labeled with '*'I (Camer-free; Amersham, Arlington Heights, IL) using lactoperoxidase (Sigma Chemical, St Louis, MO) as previously described.I6 Immunoprecipitation with rabbit polyclonal antibody to NBI antigen" and the quinine-dependent antibodies were performed as previously d e~r i b e d .~ Briefly, surface-labeled neutrophils were suspended at 2 X 10' cell/mL in lysis buffer (20 mmol/L Tris [Sigma] pH 7.6, 150
Neutrophil phenotyping.
Antisera.
Immunoprecipitation.
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Blood, Vol81, No 10 (May 15). 1993: pp [2758] [2759] [2760] [2761] [2762] [2763] [2764] [2765] [2766] For personal use only. on October 30, 2017. by guest www.bloodjournal.org From mmol/L NaCI, 0.5% Nonidet P-40 [Sigma], 2 mmol/L phenylmethyl sulfonyl fluoride [PMSF Sigma]), 0.02% NaN3, and 1% aprotinin (Sigma). The solution was incubated on ice for 60 minutes and insoluble material was removed by centrifugation at 30,OOOg for 30 minutes at 4°C. Antigens that react with normal human serum (NHS) were removed from the iodinated cell lysate by incubating 1 mL of cell lysate with 80 pL NHS at 4°C for 60 minutes. The resulting antigen-antibody complexes were immunoprecipitated by incubation with 600 pL of 10% protein A sepharose (wt/vol) (Pharmacia Fine Chemicals, Piscataway, NJ) in 100 mmol/L Tris pH 8.1, 150 mmol/ L NaCI, 0.5% Nonidet P-40, 2 mmol/L PMSF, and 1% aprotinin at 4°C for 20 minutes. The solution was then centrifuged at 2,OOOg for 5 minutes at 4°C and the supernatant was treated with 300 pL of 10% protein A sepharose again as described above. To remove antigen recognized by normal rabbit serum (NRS), the cell lysate was also treated with 80 pL NRS as described above.
Radiolabeled antigens were immunoprecipitated from 100 pL of cell lysate by incubation with 20 pL of polyclonal antisera or 20 pL of antisera plus 20 pL of quinine hydrochloride (0.2 mg/mL in PBS) at 4°C overnight. Fifty microliters of 10% protein A sepharose in lysis buffer containing 0.1% bovine serum albumin (BSA; Sigma) was added, and after a 20-minute incubation at 20"C, the solution was centrifuged at 2,OOOg for 5 minutes at 4°C. The resulting pellet was washed twice in a buffer containing 0.5% deoxycholate, 100 mmol/ L Tris pH 8.1, 0.9% NaCI, 0.5% Nonidet p-40, 2 mmol/L PMSF, and 1% aprotinin, then suspended in 100 pL of Laemmeli sample buffer (62 mmol/L Tris-HCI, pH 6.8, 2% sodium dodecyl sulfate [SDS; BioRad Laboratories, Richmond, CAI, 10% glycerol, and 0.00 1% bromophenol blue with or without 5% 2-mercaptoethanol [2-ME; Sigma], incubated at 95°C for 5 minutes, and analyzed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) in a 10% gel. The gel slabs were stained, dried, and examined by autoradiography. Molecular weight standards were: phosphorylase B, 97,400; BSA, 66,000; ovalbumin, 45,000; and carbonic anhydrase, 29,000 (Pharmacia).
GPI-PLC treatment of neutrophils. Neutrophils were labeled with "' I and suspended at a concentration of 2 X lo7 cells/mL in PBS. One milliliter of the cell suspension plus 5 U of GPI-PLC (from Bacillus cereus; Boehringer Mannheim, Indianapolis, IN) was incubated for 60 minutes at 37°C and then centrifuged for 5 minutes at 500 X g. The pelleted cells were washed once with PBS and resuspended in 1 mL of lysis buffer. The supernatant and pellet were analyzed by immunoprecipitation as described above.
Treatment of immunoprecipitated molecules with glycolytic enzymes. Neutrophils were labeled with 12%, solubilized, and reacted with antibodies and protein A as described above. The resulting antibody-antigen protein A sepharose complex was resuspended in 60 pL of a buffer containing 50 mmol/L EDTA, 1 mmol/L PMSF, 1% 2-ME, 1% Nonidet P-40,O. I mol/L Na2 PO4 pH 7.5, and 0.1% SDS, and incubated at 95°C for 5 minutes. The final concentration of Triton-X-100 was brought up to 0.5% by adding 15 pL of2.570 Triton-X-100. The solution was then incubated with 1.0 U of N-glycanase (Genzyme, Boston, MA) at 37°C for 20 hours. Reducing Laemmeli sample buffer (20 pL) was added and the sample was denatured by boiling at 95°C for 5 minutes, and centrifuged at 2,OOOg for 5 minutes at 4°C. The supernatant was analyzed by SDS-PAGE and autoradiography.
When the labeled molecules were treated with neuraminidase or 0-glycanase, (both Genzyme), a similar procedure was used, except the antigen-antibody protein A sepharose pellet was resuspended in 60 pL of a buffer containing 15 mmol/L Tris-malate pH 6.15 and 0.1% SDS. This solution was boiled at 95°C for 5 minutes and then 15 pL of2.5% Triton X-100 was added so that its final concentration was 0.5%. Either neuraminidase (acylneuraminyl hydrolase from Streptococcus, 0.05 U) was added and the solution incubated for 1 hour at 37"C, or 0-glycanase (4.0 m u ) was added and the solution incubated for 20 hours at 37°C. When the immunoprecipitated molecules were tested with both enzymes, the labeled protein solution was treated with 0.05 U of neuraminidase for 1 hour at 37°C followed by 4 mU of 0-glycanase and the incubation was continued for another 20 hours at 37°C. The immunoprecipitated GPs were then analyzed by SDS-PAGE and autoradiography. As a control, fetuin (Sigma) was treated with neuraminidase and 0-glycanase and analyzed by SDS-PAGE; as expected, its electrophoretic mobility increased.
Testing stimulated neutrophils for the expression of quinine-dependent antigens. Neutrophils were labeled with '251 and suspended at a concentration of 2 X IO7 cells/mL in HBSS. The cell suspensions were then incubated with f-met-leu-phe (FMLP Sigma) mol/ L, C5a (Sigma) mol/L, and phorbol myristate acetate (PMA; Sigma) 100 ng/mL at 37°C for 15 minutes. The suspensions were centrifuged at 500g for 5 minutes. The supernatant was centrifuged at 10,OOOg for 30 minutes and analyzed by immunoprecipitation. The pelleted cells were resuspended at a concentration of 2 X lo7 cells/mL in cell lysate buffer and were incubated at 4°C for 30 minutes, centrifuged at 10,OOOg for 5 minutes, and the resulting supernatant analyzed by immunoprecipitation.
RESULTS
Immunoprecipitation with quinine-dependent antibodies
using neutrophils with varying NB phenotypes. Our patient's quinine-dependent antibody reacted with a 60-Kd membrane molecule that could be on the same molecule that the N B l antigen is located. Using GIF and GA assays, we have previously found that the patient serum plus quinine reacted with NBl-positive and -negative cells.' However, since the patient serum contained multiple quinine-dependent antibodies, the possibility that an antibody to NBI antigen was present could not be excluded. To determine if the 60-Kd molecule that the quinine-dependent antibody reacted with was the same molecule on which N B l antigen was located, neutrophils from three donors with varying NBI phenotype were surface-labeled with IZ5I, solubilized, and reacted with patient serum plus quinine. The serum plus quinine immunoprecipitated a n 85-Kd molecule from all three donors (Fig D) , NB-heterozygous neutrophils (lanes B and E), and NB2-homozygous neutrophils (lanes C and F) were labeled with "'I, solubilized, and immunoprecipitated with patient serum plus quinine (lanes A through C) or NHS (lanes D through F). Immunoprecipitated GPs were analyzed by SDS-PAGE in a 10% gel under reducing conditions and autoradiography. Molecular weight standards were: phosphorylase B, 97,400; BSA, 66,000; ovalbumin, 45,000; carbonic anhydrase, 29,000.
2, lanes A through C) and neutrophils absorbed with NHS (lanes D through F) or anti-NBI (lanes G through I) were then used in immunoprecipitation studies with serum plus quinine and anti-NB I . Patient serum plus quinine immunoprecipitated both the 85-and 60-Kd G P from control neutrophils that were not absorbed with any antibodies (lane B) and from solubilized neutrophils that had been absorbed with NHS (lane E). When neutrophils were absorbed with anti-NBI before immunoprecipitation with serum plus quinine (lane H) or anti-NBI (lane I). neither antibody immunoprecipitated the 60-Kd molecule: however, serum plus quinine continued to react with the 85-Kd GP. These results confirm that anti-NBI and the quinine-dependent antibody recognized the same 60-Kd molecule.
The quantity of 85-and 60-Kd molecules immunoprecipitated from neutrophils absorbed with NHS was slightly less than that immunoprecipitated from control neutrophils. This was likely due to the dilution of labeled proteins during the absorption with NHS.
Because our patient experienced quinine-dependent neutropenia and in the presence of quinine her serum recognized the 60-Kd NBI antigen-bearing molecule. her neutrophils were phenotyped for NBI antigen. Her neutrophils reacted with reference anti-NB I in both the GA and GIF phenotyping assays.
I;&cts qf GPI-PLC' on ncittrophil c.vprc.wion qf [lie molmrles r m q n i x d hy thc yiiinine-d~ipctidcnt an[ihodim. Several neutrophil membrane proteins. including the NBI molecule'3 and F~R 1 1 1 , "~~~ are anchored to the neutrophil plasma membrane via a GPI-linkage. GPI-linked membrane proteins can be selectively cleaved from neutrophils by treatment with GPI-PLC. To determine ifthe 85-Kd molecule was GPI-linked. neutrophils were treated with GPI-PLC and immunoprecipitated with the quinine-dependent antibody. Neutrophils were surface-labeled with 12'1 using lactoperoxidase and incubated with PBS pH 7. 4 A, D, and G) , quinine plus patient serum (lanes B, E, and H), or anti-NB1 (lanes C, F, and I). Immunoprecipitated GPs were analyzed by SDS-PAGE under reducing conditions and autoradiography.
For personal use only. on October 30, 2017. by guest www.bloodjournal.org From at 37°C for 60 minutes. The suspensions were then centrifuged at 500g for 5 minutes at 20°C. The resulting supernatant and pelleted cells were analyzed by immunoprecipitation with patient serum plus quinine and anti-NBI. As a control, immunoprecipitation was performed with NHS, patient serum plus quinine, and anti-NBI with neutrophils. which were not incubated with PBS or GPI-PLC (Fig 3. lanes  A through C) 
NB-heterozygous '*'I-labeled neutrophils were immunoprecipitated with NHS (lane A), patient serum plus quinine (lane B), or anti-NBl (lane C) and analyzed by SDS-PAGE and autoradiography. NB-heterozygous neutrophils were labeled with and incubated at 37°C for 60 minutes with PBS (lanes D through I) or GPI-PLC (lanes J through 0 ) . and then centrifuged at 500s for 5 minutes. The pelleted neutrophils were solubilized and the supematants and solubilized cells were analyzed by immunoprecipitation with NHS (lanes D, G, J, and M), patient serum plus quinine (lanes E, H, K, and N). or anti-NB1 (lanes F, I, L, and 0). Immunoprecipitated GPs were analyzed by SDS-PAGE under reducing conditions and autoradiography.
For To determine if the 85-and 60-Kd GPs immunoprecipitated by quinine-dependent antibodies contained 0-linked carbohydrates. they were treated with 0-glycanase. Because N-acetyl-neuraminic (sialic acid) residues may have to be removed for 0-glycanase to cleave effectively 0-linked carbohydrates. the 85-and 60-Kd GPs were treated with both 0-glycanase and neuraminidase. NB I-positive neutrophils were surface-labeled with lrsl and immunoprecipitated with patient serum plus quinine. The immunoprecipitated material was then incubated with buffer, neuraminidase. neuraminidase plus 0-glycanase, or 0-glycanase alone at 37°C for 24 hours and analyzed by SDS-PAGE and autoradiography 
-
ecule. was immunoprecipitated from NBI-negative neutrophils with the patient serum plus quinine. The 85-Kd molecule was treated with N-glycanase, after which the 33-and 31-Kd proteins. but not the 45-Kd protein, were detected (data not shown). To ensure that the 33-and 31-Kd bands did not represent a partial digestion, the proteins were treated twice with N-glycanase. N-glycanase was added to the immunoprecipitated molecules and incubated for 24 hours. A second dose of N-glycanase was added. and after a second 24-hour incubation. the proteins were analyzed by SDS-PAGE and the 45-. 33-, and 31-Kd bands were detected. These results showed that the 85-and 60-Kd molecules that the quinine-dependent antibody reacted with were N-glycosylated and that the 85-Kd molecule is made up of 33-and 3 I-Kd proteins and the 60-Kd molecule is made up of a 45-Kd protein. For personal use only. on October 30, 2017. by guest www.bloodjournal.org From also treated with neuraminidase and the results were similar. These results indicate that both the 60-and 85-Kd GPs immunoprecipitated by patient serum plus quinine contained sialic acid residues. but neither contained 0-linked carbohydrates.
Cotnpurison c ? f~h e
cl.c,trr,phorc.tic mobility ($lhc GPs irnmiitioprc~cipitut~~d 17s qiiiriincclcpendc~nI antihodiliey and nciit roph il prot ciris laheled by 12.'1. When immunoprecipitation studies were performed with patient serum plus quinine. the intensity of immunoprecipitated 85-Kd G P always appeared greater than the intensity ofthe 60-Kd GP. Others have found that the most prominently "'1 surface-labeled neutrophil G P (major labeled protein) was a 60-to 90-Kd molecule that was GPI-linked.Iq To determine if the 85-Kd molecule immunoprecipitated by patient serum plus quinine and whether the major labeled protein might be the same protein. the electrophoretic mobility of the molecule immunoprecipitated by the quinine-dependent antibody and the major labeled protein were compared. Electrophoretic mobility of the immunoprecipitated 85-Kd G P (Fig 6, lane A) was similar to the electrophoretic mobility of the major labeled protein (lane B).
E / / i~. s r?f stirnirlution on tlic et-prc.ssion of rlic molecirl~~.s idcnti/ic.cl IIY tlic y i r i n i r i~~-~l~~p i~n d~~n~ antibodies. The GPIlinked FcRlIl is released from plasma membranes when neutrophils are stimulated." To determine if the 85-and 60-Kd GPs were released by stimulated neutrophils, '"Mabeled neutrophils were stimulated with PMA, C5a. or FMLP. centrifuged, and the supernatants and pelleted cells were analyzed by immunoprecipitation with serum plus quinine and anti-NBI. Following stimulation of neutrophils with C5a or FMLP. the 85-and 60-Kd GPs were detected on neutrophils. but not in the supernatant (Fig 7) . Some NBI antibodies immunoprecipitate an approximately 80-Kd G P in addition to the 60-Kd GP. The 80-Kd G P was detected weakly on pelleted cells and strongly in the supernatants of neutrophils incubated in buffer, FMLP, or C5a. Similar results were obtained when neutrophils were stimulated with PMA (data not shown).
lriirnirrio~prc.c.ipi~utioti with qirininc.-d~~pcnd~~tit nn!ihodic.s rhut had heen uhsorbcd willi RBCs or pla~clcts. We have previously found that in the presence of quinine, the patient serum reacted RBCs and platelet^.^ After patient serum plus quinine was absorbed with RBCs or platelets, the antibody continued to react with neutrophils, indicating that at least one of the epitopes recognized by the quinine-dependent neutrophil antibodies was not expressed on platelets or RBCS.~ While NBI antigen is not expressed on RBCs or platelets, to determine if the epitope on the 85-Kd G P recognized by the quinine-dependent antibody was present on platelets or RBCs, patient serum that had been absorbed with RBCs or platelets was tested in the immunoprecipitation assay. Both the RBC and platelet absorbed serum continued to immunoprecipitate the neutrophil 85-Kd G P (data not shown).
AnuI~:sis on ilic GPs irnmimoprc~cipitalc.d~d by the quininedcpetidcnl antibodies l y SDS-PAGE iinder nonrcdiicin<g conditions. When the 85-Kd G P immunoprecipitated by the quinine-dependent antibody was treated with N-glycanase. two proteins were detected. When the 85-Kd G P immunoprecipitated by patient serum plus quinine was analyzed by SDS-PAGE under reducing conditions and the gel was exposed for varying periods of time. only one 85-Kd G P was detected.
Because the electrophoretic mobility of some GPs change when analyzed under nonreducing conditions. to test further for the presence of two separate 85-Kd GPs. the immunoprecipitated GPs were analyzed by SDS-PAGE run under reducing and nonreducing conditions (Fig 8) . When the GPs were analyzed under nonreducing conditions. the 85-Kd G P continued to appear to be a single G P (lane A). Although the electrophoretic mobility of the 85-Kd G P was similar when analyzed under nonreducing (lane A) or reducing conditions (lane B). the 60-Kd G P had an increased electrophoretic mobility when the gel was run under nonreducing conditions.
DISCUSSION
The quinine-dependent antibodies in our patient reacted with an 85-Kd and a 60-Kd GP. both of which were GPI- .
linked and which contained sialic acid residues and N-linked but not 0-linked carbohydrate side chains. The 60-Kd G P recognized by the quinine-dependent antibody was the same G P on which NBI antigen was located. While anti-NBI and the quinine-dependent antibody recognized the same GP, the quantity of the 60-Kd G P immunoprecipitated by anti-NBI was greater than the quantity immunoprecipitated by the quinine-dependent antibody. This could have been due to weaker reactions to the 60-Kd G P by the quinine-dependent antibody compared with anti-NB I. However. NB I antigen is expressed heterogeneously on neutrophils, and we cannot exclude the possibility that, compared with NBI antigen, the epitope on the 60-Kd G P recognized by the quininedependent antibody may be present on a smaller population of neutrophils. The expression of biallelic platelet antigens PLAl and PLA2 are due to a single amino acid difference in platelet membrane G P IIIa.20~'' While many quinine-dependent antibodies to platelets react with GPIlb/llla, no quinine-dependent antibodies have been described that show specificity for PI"' or PI"' antigens. Neutrophil-specific antigen NB2 has been described as the allele of NB122; however, anti-NB2 has not been found to immunoblot or immunoprecipitate neutrophil membrane GPs and the biochemical structure of NB2 is not known." The reason why the quinine-dependent antibody reacted with NBI but not NB2 antigen is not certain. These results confirmed the results of a previous study which found that the electrophoretic mobility of the 60-Kd NBI G P was increased when analyzed by SDS-PAGE under nonreducing conditions compared with reducing conditions. suggesting that disulfide bands contributed to the structure of the NBI molecule." The lack of change in the electrophoretic mobility of the 85-Kd G P when analyzed by SDS-PAGE under reducing and nonreducing conditions suggested that disulfide bonds contribute less to the structure of this molecule.
Interestingly, when the 85-Kd G P was treated with N-glycanase, two separate proteins were detected, suggesting that the 85-Kd molecule may be made up of two separate but similar GPs. Both are GPI-linked and are N-glycosylated to a similar degree. It is possible that the 85-Kd molecule is made up of two GPs that have protein cores that differ by only a few amino acids. The FcRIll molecule on neutrophils that express both NAI and NA2 antigen appears to be a single G P of 50 to 80 Kd. However, when the G P was treated with N-glycanase, 29-and 33-Kd proteins were detected." The 29-Kd protein was encoded by the NAI FcRIII gene and the 33-Kd protein wasencoded by the NA2 FcRIll gene.'6 The amino acid sequences of NAl FcRlll and NA2 FcRIlI differed in only four place^.^'.^'
We have previously shown that the quinine-dependent antibodies stimulated neutrophil^.^ If, like neutrophil FcRIII, the 85-and 60-Kd GPs were released from stimulated neutrophil, soluble immune complexes could have formed in our patient and contributed to her renal failure, but neither G P was released from stimulated neutrophils. Goldschmeding et al have also found that NBI antigen is not released from neutrophil stimulated with FMLP.'l Some NB I antibodies immunoprecipitated an 80-Kd G P in addition to the 60-Kd NBl GP. The current and a previous study" found that this 80-Kd G P molecule was released from neutrophils during 
